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The lattice Boltzmann method (LBM) is applied to simulation of natural convection in anisotropic 
porous media using Brinkman equation. The Brinkman equation is recovered from a kinetic equation for 
the density distribution function with a forcing term. The temperature equation is calculated by a kinetic 
equation for thermal energy distribution function. The velocity profiles of the LBM shows good 
agreement with those of the analytical solutions for the Poiseuille flow and for the Couette flow filled 
with anisotropic porous media. For various values of Darcy and Rayleigh numbers, the solutions of the 
LBM are compared with those of earlier studies in natural convection. This paper leads to the conclusion 
that the LBM can simulate natural convection in anisotropic porous media for the non-Darcy model. 
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Fig.1 Schematic of an anisotropic porous medium. 
 
2. ???????? 
??????????????????????????
???????????????? 
,0=×Ñ u                                        (1) 
????????????? 
,1 2 Fuuuu +Ñ+Ñ-=Ñ×+¶
¶ nr Pt                    (2) 
????????? 
( ) ,2Te
t
e Ñ=×Ñ+¶
¶ cu                              (3) 
???????(2)?????? 
,
2221
1211 úû
ùêë
é+úû
ùêë
éúû
ùêë
é-=úû
ùêë
é
y
x
y
x
y
x
g
g
u
u
KK
KK
F
F n                   (4) 
,
cossincossin11
cossin11sincos
22
22
2221
1211
úú
úú
ú
û
ù
êê
êê
ê
ë
é
+÷÷ø
ö
ççè
æ -
÷÷ø
ö
ççè
æ -+
=úû
ùêë
é
yxyx
yxyx
kk
k
KK
KK
qqqqkk
qqkk
q
k
q
(5) 
????? 1?????????kx?ky???????x??
y????????????q ( 20 pq ££ )?kx? x????
???gx?gy?????????????????????
?????? )( my TTgg -= b ????? 
?(1)-(5)???????2 ??????? fi?gi ????
??????????????????? 
( ) ( ) ( ) ( ) ,,,,, it
eq
ii
ittii F
tftf
tftf dtdd n
+--=-++ xxxcx   (6) 
( ) ( ) ( ) ( ) .,,,,
c
eq
ii
ittii
tgtg
tgtg tdd
xx
xcx
--=-++       (7) 
??r??? u?????????? fi ???? 
,å= i ifr  ,2 Fcu r
dr ti ii f +å=                     (8) 
????????????????e??gi ???? 
.å= i iger                                       (9) 
???????????????????????????
x 
y 
kx g 
q 
Anisotropic 
porous medium 
ky 
T = 1 
u = 0 
T = 0 
u = 0 
0=¶
¶
y
T
, u = 0 
0=¶
¶
y
T
, u = 0 
? 45???????????????? (2008-5)     
 
?(6)???(1)?(2)???(7)???(3)???????????
?????n?????c ??????? 
,
2
1
3
1 2
tc dtn n ÷ø
öçè
æ -= ,
2
1
3
2 2
tc c dtc ÷ø
öçè
æ -=             (10) 
????????tv?tc???????????(6)????
Fi???Z. Guo????????????(4)????????
?(4)????(8)???????????????????
????????????? u?????????? 
.
2
1
2
1
2
22
1
2221
1211
úû
ùêë
é+å úû
ùêë
é=úû
ùêë
é
úú
úú
û
ù
êê
êê
ë
é
+
+
y
xt
i
iiy
iix
y
x
tt
tt
g
g
fc
fc
u
u
KK
KK
d
rndnd
ndnd
 (11) 
 
3. ???? 
??????????????????????????
????x ?????????y ????????????
????? gy????????(2)????????? ( )( ) ,21cosh )2(1cosh1 222222 ÷÷ø
ö
ççè
æ --=
W
Wxg
u yy k
k
n
k
            (12) 
???????W?????????????????Q. Zou
??????????????????????????
???????????(7)?,?????(Da = ky/W2)? 10-2?
q = p/4?????????? k* = ky/kx?????????
?????????LBM????????(?)???(12)?
???????? 2 ????LBM ???????????
???????????????????????????
????x???????? u0??????????y??
????????????????????? ( )( ) ,1sinh 1sinh 22220 W
x
uu y k
k=                           (13) 
?????????????? k* = 0.1?q = p/4?????
??? Da ??????????????? 3 ????? 3
???????????????? LBM????????
???????????????????????????
???????????????????????????
????????? 4?5?????Ra?? Da?????
???????????????????????????
?????? Da = 10-2???????q ????????
k*?????? Ra ?????????????? Nu ??
??? 1????P. Nithiarasu????????? FEM??
?(8)?????????? LBM??????????? 
 
4. ???? 
?????????????????????????
???????????????????????????
? LBM???????????????????????
??????????????????????????
??????????????????????????
LBM ?????????????????????????
???LBM??FDM?????????????????
??????????????????? LBM??????
??????????????????????? 
 
?? 
(1) S. Chen, et al., Annu. Rev. Fluid Mech., 30 (1998), 329. 
(2) T.Seta, et al., J. Statistical Physics, 107 (2002), 557. 
(3) Y. Peng, et al., Phys. Rev., E 68 (2003), 026701. 
(4) Z. Guo, et al., Phys. Rev., E 65 (2002), 046308. 
(5) T. Seta, et al., Math. & Computer. in Simulation, 72 (2006), 195.  
(6) T. Seta, et al., J. Fluid Science and Technology 1, (2006), 90. 
(7) Q. Zou, et al., Phys. Fluids, 9 (1997), 1591. 
(8) P. Nithiarasu, et al., Comput. Methods Appl. Mech. Engrg., 
188 (2000), 413. 
0 0.2 0.4 0.6 0.8 10
0.2
0.4
0.6
0.8
1
x/W
u/
u 0
 a
 b
 c
 Da = 10-2, q = p/4
 a: k* = 10
 b: k* = 1
 c: k* = 10-1
 
Fig.2 Numerical and theoretical results of Poiseuille Flow. 
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Fig.3 Numerical and theoretical results of Couette flow.  
 
(a) q = 0?k* = 0.1           (b) q = 90?k*= 10 
Fig.4 Stream function (Da = 10-2, Ra = 104). 
 
(a) q = 0?k* = 0.1           (b) q = 90?k*= 10 
Fig.5 Isotherm patterns (Da = 10-2, Ra = 104). 
 
Table 1 Comparison of average Nusselt number (Da = 10-2) 
No. Nu 
 
q k* Ra 
FEM(8) Present 
1 0? 0.1 104 1.892 1.905 
2 45? 0.1 104 1.870 1.885 
3 90? 0.1 104 1.891 1.905 
4 0? 10 104 1.140 1.137 
5 45? 10 104 1.153 1.171 
6 90? 10 104 1.141 1.137 
7 0? 0.1 105 4.393 4.338 
8 45? 0.1 105 4.425 4.366 
9 90? 0.1 105 4.491 4.425 
10 0? 10 105 3.203 3.213 
11 45? 10 105 3.191 3.192 
12 90? 10 105 2.951 2.954  
